Assortative mating or inbreeding has not yet been described in BN. Even though an adaptive role by 5-HTT locus, meiotic drive, population drift, or a bottleneck effect due to the reported increased mortality in AN, 7 could be invoked to explain this observation, at present (and given our sample size) all these hypotheses appear largely speculative. Nevertheless, we cannot exclude that deviation from H-W is related to an etiopathogenetic effect of the 5-HTTLPR in BN.
Polyglutamine-containing proteins in schizophrenia: an effect of lymphoblastoid cells?
SIR -The unstable DNA hypothesis in major psychosis states that unstable trinucleotide repeats may play an etiological role in schizophrenia and bipolar affective disorder. The idea of investigating trinucleotide repeats originated several years ago from the clinical observation that genetic anticipation may take place in the intergenerational changes of age at disease onset. Based on clinical and molecular findings in the 'classical' unstable DNA diseases such as Huntington's and myotonic dystrophy, the evidence for genetic anticipation implies the presence of trinucleotide repeat expansion. Although the idea of genetic anticipation in complex diseases has been questioned (reviewed in Paterson et al) , 1 the search for dynamic DNA mutations in psychiatric diseases has been one of the most 'dynamic' developments in psychiatric genetics with a number of interesting although quite controversial experimental findings.
Two recent publications in Molecular Psychiatry by Joober et al 2 and Moriniere et al 3 further extend the horizon of the field of trinucleotide repeats in schizophrenia. In the two studies, a monoclonal antibody named 1C2 that detects polyglutamine tracts, was used in Western blots made from proteins from individuals affected with adult-and childhood onset schizophrenia as well as controls. Several affected individuals revealed polyglutamine-containing proteins of 50-60 kDa which were absent in the control samples. There were some slight differences in the size of detected proteins, and at present it is not clear if differences are caused by the different length of polyglutamine tracts in the same type of protein or these are different proteins. Two earlier studies 4,5 used a similar design but much smaller samples and did not detect disease-related polyglutamine proteins. It is important to note that both the Joober et al and Moriniere et al studies have been performed using lymphoblastoid cells, ie Epstein-Barr virus (EBV) transformed lymphocytes. We recently detected an interesting phenomenon related to EBV transformation of lymphocytes and trinucleotide repeats which might be relevant to the detected polyglutamine-containing proteins in the lymphoblastoid cells.
In our developments for the direct detection of trinucleotide repeats, 6 we serendipitously noticed that DNA methylation at some (CAG) n /(CTG) n trinucleotide repeats may change under the influence of EBV transformation of lymphocytes. In our experiments, we analysed DNA samples from EBV transformed lymphoblastoids paired to their native predecessor lymphocytes from myotonic dystrophy patients. In one of our experiments, genomic DNA samples were digested with a methylation-sensitive restriction enzyme, Hha I (restriction site GCGC), followed by Southern blot-hybridization with a non-specific (CAG) n /(CTG) n probe (for more details on this approach see Petronis et al). 6 In native lymphocytes, the overwhelming majority of (CAG) n /(CTG) n expansion flanking regions were methylated ( Figure 1 ). After the lymphocyte transformation with EBV, however, some of the (CAG) n /(CTG) n containing fragments underwent loss of methylation ( Figure 1 ). The secondary hybridization of the same blots with a DNA probe pB750 which is specific to the myotonic dystrophy protein kinase gene (DM-PK), detected that the unmethylated (CAG) n /(CTG) n fragments actually belonged to the expanded DM-PK alleles. The loss of methylation after EBV-transformation was highly specific: the mutant DM-PK alleles were unmethylated selectively while the overwhelming majority of other (CAG) n /(CTG) n sequences, as suggested by their large molecular weight, seem to remain methylated. The (CAG) n / (CTG) n fragments in the wild-type DM-PK alleles of affected individuals were not methylated in either type of lymphocytes (data not shown).
The mechanism of such loss of methylation in the vicinity of trinucleotide expansion of DM-PK is not clear. Several scenarios can be considered. One of them is that DNA methylation is selectively lost during numerous mitotic divisions of the lymphoblastoid cells. It is known that EBV transformation can change methylation status in repetitive sequences. 7 Another possibility is based on the findings that different subtypes of B lymphocytes exhibit differential receptivity to EBV. 8 If unmethylated DM-PK has some effect on the lymphocyte-EBV interaction and/or favours the mitotic activity, selective 'loss of methylation' may lie in the selective advantage of the 'unmethylated' fraction of lymphoblastoid cells. Whatever mechanism is true, the bottom line is that some trinucleotide repeats exhibit DNA methylation differences in EBV-transformed lymphocytes compared to native lymphocytes. We investigated eight pairs of DNA samples from native and EBVtransformed lymphocytes, and only one DNA sample Molecular Psychiatry Figure 1 Southern blot-hybridization analysis of myotonic dystrophy (DM) DNAs extracted from native and EpsteinBarr virus-transformed (EBV) lymphocytes, and digested with a methylation-sensitive enzyme, HhaI. Lanes 1a-4a were DNAs from native lymphocytes of DM patients, lane 5a was from an unaffected control. Lanes 1b-5b represented DNAs from the same DM and control individuals after their lymphocytes were immortalized with EBV. Sizes of the DM-PK (CTG) n expansion were: 1, 480 bp; 2, 1.6 kb; 3, 3.3 kb; 4, 210 bp; 5, no expansion. Hybridization with a non-specific (CTG) n /(CAG) n repeat probe revealed a number of hybridization signals for the 'b' series DNA samples, which were absent from the 'a' series, and later verified with the specific DM probe pB750 to belong to the DM expansion locus (indicated with arrows). Numbers on the left side of the autoradiogram are DNA size markers (kb). The DNA probe for hybridization was made using PCR for complementary oligonucleotides (CAG) 7 and (CTG) 7 . (CAG) n /(CTG) n and the probe pB750 specific for the DM locus were radioactively labeled using 32 P-alpha-dCTP (5000 Ci mmol ) and random priming (Amersham Pharmacia Biotech, Sweden) to a specific activity of 10 8 -10 9 dpm g −1
. Five g of total genomic DNA were digested with 25-30 U of restriction enzyme, HhaI, using manufacturer's (New England Biolabs, MA, USA) recommended conditions. The digested DNAs were electrophoresed on 0.8% agarose gels at 50 V for 20 h. The gels were blotted to Hybond-N + membranes using 2× SSC as transfer buffer. Hybridization of each membrane was performed at 63°C for 14-20 h in 1.5 × SSPE, 10% SDS, 10% PEG, 100 g ml −1 of herring sperm DNA, 10-15 × 10 6 dpm of DNA probe per 20 ml of hybridization solution. Washing of the membranes was performed three times at 0.3 × SSC, 0.1% SDS room temperature 20 min, then twice at 65°C for 30 min, and then were exposed to Kodak X-ray films for 1-2 days at −70°C with intensifying screens.
in each group did not follow the rule that DM-PK expansion is methylated in the native lymphocytes and unmethylated in the lymphoblastoids.
The above finding of the methylation differences at the (CAG) n /(CTG) n loci in native and EBV-transformed lymphocytes might be important to the polyglutaminecontaining protein analysis from at least three points of view. First, unmethylated (CAG) n /(CTG) n in the lymphoblasts, similar to those in that DM-PK, might be the sequences that code polyglutamine-containing proteins detected in the Joober et al and Moriniere et al studies. It is well known that for many genes the level of gene expression inversely correlates with the degree of gene methylation. Epigenetic modification of promoters and 5Ј-regions 9,10 is important for binding of transcription factors and therefore in transcription regulation. From the above assumptions it can be expected that schizophrenia-related polyglutamine-coding trinucleotides are located at the 5Ј-coding region of a gene. It is also important to note that epigenetic factors may influence not only the amount of mRNA but also nuclear location and time of expression of a specific gene. 11 The idea to relate immortalization of lymphocytes and regulation of expression of genes containing repetitive sequences, is supported by the findings in other unstable DNA diseases. Expression of the gene for cystatine B, CSTB, is suppressed in the native lymphocytes from individuals affected with progressive myoclonus epilepsy but is restored in the lymphoblastoid cell lines. 12 Second, if the hypothesis about the absence of DNA methylation 'block' at some trinucleotide repeats and gene expression is true, a standard Southern blothybridization based experiment may lead to rapid detection of the trinucleotide repeat sequences coding the disease-related polyglutamine proteins. In a similar way to that described above with the mutant DM-PK allele, the unmethylated trinucleotide repeat sequences might be visualized on an autoradiogram and subsequently on an agarose gel. A number of laboratory methods for cloning of trinucleotide repeat-containing DNA sequences can be applied. [13] [14] [15] Third, DNA methylation studies focusing on the regions surrounding (CAG) n /(CTG) n or other polyglutamine coding repeat sequences may lead to better understanding of the origin of DNA instability. Although our understanding of the cause-effect relationship between unstable DNA and abnormal DNA methylation is still preliminary, 16 the presence of hypermethylation at the flanking locus of expanded trinucleotide repeats may help to unravel the mechanisms of trinucleotide repeat mutation. It has been detected in prokaryotes that DNA methylation plays an important role in DNA repair 17 and mutagenesis, 18, 19 and similar mechanisms may exist in higher eukaryotes. Either an abnormal position of DNA methylation or the absence of a necessary methylation signal may increase the chance of DNA replication errors not being recognized. In comparison to traditional genetic linkage and association studies, a significant advantage of the trinucleotide repeat hypothesis in major psychosis has been the abundance of experimental strategies that can be applied to the search of stable or unstable sequences. DNA methylation-based strategies may become an additional approach which would lead to new falsifiable hypotheses and facilitate the testing of already existing ones.
Polyglutamine tracts in schizophrenia: gaining new insights
SIR -Recent studies have suggested the possibility that expansion of a polyglutamine tract in a yet unknown protein may be involved in a small subset of cases of schizophrenia.
1,2 Since expanded polyglutamine tracts causing several inherited neurodegenerative diseases always express the mutated protein in lymphoblasts, studies of schizophrenia were based on Western blots of protein extracts of lymphoblasts probed with an antibody (termed 1C2) which preferentially detects expanded polyglutamine tracts. 3 A band in the 50-60 kDa range was found to be strongly reactive with the 1C2 antibody in two out of 32 unrelated childhood onset schizophrenia patients collected by Judith Rapoport and colleagues at the National Institute of Mental Health, and this band was identified as an acidic protein termed GRAP (Glutamine Repeat Acidic Protein). 2 A band of approximately 50 kDa reactive with 1C2 was also detected in two out of 57 patients affected by adult onset schizophrenia. 1 While the identification of a gene implicated in even a small subset of cases of schizophrenia would constitute a significant gain of knowledge, there is a clear need for additional studies before proving that expanded polyglutamine tracts are involved. 4 In this respect, one may pursue several research directions in parallel, the value of all of them increasing with the number of individuals tested. One important aspect is to investigate the possibility that the detection of polyglutamine expansion signals in schizophrenia patients might arise from artefacts at the level of protein expression. For example, regarding childhood onset schizophrenia, it is unlikely that there are age differences in the expression of GRAP. 2 Vari-
